Background and Purpose The Systolic Hypertension in the Elderly Program (SHEP) was a randomized trial testing the efficacy of treating systolic hypertension in older adults. A significant reduction in stroke risk was observed among participants assigned to active treatment. Serial carotid duplex scans were performed on 129 participants at the University of Pittsburgh center, and rates of progression and regression of carotid stenosis were observed.
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Background and Purpose The Systolic Hypertension in the Elderly Program (SHEP) was a randomized trial testing the efficacy of treating systolic hypertension in older adults. A significant reduction in stroke risk was observed among participants assigned to active treatment. Serial carotid duplex scans were performed on 129 participants at the University of Pittsburgh center, and rates of progression and regression of carotid stenosis were observed.
Methods Changes in blood flow velocity ratios were used to detect progression because they can be reliably measured and their relation to degree of residual lumen is known. Progression required the development of a 40% to 50% diameter stenosis when stenosis was not initially present or, if already present, further reduction in the lumen diameter. Regression required the absence of a 40% to 50% diameter stenosis when stenosis was initially present or a stenosis significantly less severe than that initially seen.
Results Progression occurred in 22% (28/129) of participants and regression in 16% (8/49 ). Progression of carotid stenosis occurred more often among participants randomized to placebo as compared with active treatment (31% versus 14%, P=.Q20). All eight patients exhibiting regression were randomized to active treatment. In multivariate analysis, participants assigned to placebo had 4.3 times greater odds of progressing than participants assigned to active treatment. Other factors significantly related to progression were higher degree of plaque at baseline, low high-density lipoprotein-3, high lipoprotein(a), and younger age.
Conclusions Treating systolic hypertension appears to slow progression of carotid stenosis. Similar effects occurring in the intracranial vessels may be one reason for the substantial decrease in stroke among SHEP participants assigned to active treatment. (SHEP) has shown that the treatment of systolic hypertension reduces the risk of both stroke and cardiovascular disease. 1 This may result from a slowing of atherosclerosis progression when blood pressure is controlled. Serial duplex scans of the carotid arteries (two scans separated by 2 years) were obtained in 129 SHEP participants at the University of Pittsburgh field center. These data were evaluated to determine the effect of blood pressure treatment on progression of carotid artery stenosis.
Methods
SHEP was a randomized, placebo-controlled trial to test the efficacy of treatment of isolated systolic hypertension in adults over age 60.
2 Participants randomized to active treatment received a diuretic and/or /3-blocker for blood pressure control. Those randomized to placebo received matching placebo medication. Results of SHEP demonstrated a 36% reduction in stroke incidence among the active treatment group. 1 As part of an ancillary study of peripheral atherosclerosis, participants at the University of Pittsburgh field center were invited to undergo duplex scanning of the carotid arteries. Two duplex scans were performed separated by 2 years. For all participants, the baseline scan was performed after they began taking active or placebo medication. The 129 individuals included in this report were consecutive participants who had their baseline scan at least 6 months before the end of the SHEP trial. The average time from SHEP entry to the baseline scan was 42 months. There was an average of 25 months between the two scans with a range of 21 to 34 months.
Participants underwent duplex scanning at the Peripheral Vascular Diagnostic Laboratory located in Montefiore University Hospital, Pittsburgh, Pa. Both baseline and follow-up scans were performed using a Diasonics DRF 400 duplex scanner (Milpitas, Calif) with a 10-MHz imaging probe and 4.5-MHz Doppler. B-mode images were used to assess minimal to moderate disease that had not yet caused changes in blood flow. Scans were recorded on videotape for later scoring. A reader assigned a grade from 0 to 3 to each of seven segments in the carotid system based on the number and size of lesions present. Plaque grades from segments in the common carotid artery (CCA), carotid bulb, and internal carotid artery (ICA) from both the right and left carotid systems then were summed to create a measure of extent of atherosclerotic plaque called the plaque index. A complete discussion of this method has been previously published. 3 ' 4 Doppler measures of blood flow velocity were used to determine the presence of a carotid stenosis. Doppler measurements obtained by duplex scanning have shown good agreement with angiography in the identification of carotid stenosis. 58 Visual estimates of stenosis can vary greatly, especially when plaque formation is asymmetric. This is because the apparent size of an asymmetric plaque and the associated residual lumen changes depending on the angle of evaluation. As a vessel lumen narrows, regardless of the symmetry of plaque formation, the velocity of blood flow at that site increases. This direct relation between blood velocity and residual vessel lumen makes the quantification of stenosis by Doppler more accurate than visual estimates of stenosis. 9 . 10 Assuming that the CCA is relatively free of significant disease, the ratio of internal carotid blood flow velocity to common carotid blood flow velocity (ICA-CCA ratio) is a measure of stenosis that controls for intersubject variation. 5 ICA stenosis was defined as an ICA velocity of 90 mm/s or greater accompanied by an ICA-CCA ratio of 1.4 or above. This definition was based on studies comparing velocity ratios in normal patients with ratios in patients with angiographically documented carotid stenosis. 5 ' 11 This corresponds to a luminal diameter reduction of approximately 40% to 50% or greater. 9 While this definition does not always represent clinically important disease, it represents the lowest level of disease that can be reliably detected by Doppler scan. Velocity ratios were also used to determine carotid stenoses in the external carotid artery (ECA), carotid bulb, and CCA by comparing the elevated velocity in the location of interest with the velocity in a relatively normal portion of the CCA proximal to the area of interest. In these locations, stenosis was defined as a velocity of 100 mm/s or greater at the area of interest accompanied by a velocity ratio of 1.4 or greater.
At the beginning of the study, a decision was made that progression of disease would include all areas of the carotid system, not just the ICA. Before analysis of the data, changes in the blood flow velocity and velocity ratios were used to ascertain progression. Because Doppler measures are not useful in detecting stenoses of less than 40% to 50% diameter reduction, progression or regression of disease less than this could not be included. Progression was defined as the development of 40% to 50% stenosis when stenosis was not present on the first scan or, if a stenosis was already present, further reduction in the cross-sectional luminal diameter. More specifically, progression in the ICA required an increase in blood flow velocity of at least 20 mm/s to at least 90 mm/s, accompanied by an increase in the ICA-CCA ratio of at least 0.4 to at least 1.4. Criteria for the ECA were more stringent, requiring an increase in blood flow velocity of at least 30 mm/s to at least 100 mm/s and an increase in the ECA-CCA ratio of at least 0.4 to at least 1.4. Criteria for the CCA and carotid bulb were even more stringent, requiring an increase in blood flow velocity of at least 40 mm/s and an increase in the velocity ratio of at least 0.4 to at least 1.4. Finally, for any artery, if a velocity of 140 mm/s or greater was present on the baseline scan, the requirement for increase in blood flow velocity was raised to 40 mrn/s. A vessel exhibiting a high velocity at baseline and found to be occluded at follow-up was also considered progression.
To explore the possibility of regression of carotid stenosis, the algorithm for progression was executed in reverse, comparing the second scan with the first. For example, for the ICA, blood flow velocity had to decrease by 20 mm/s accompanied by a reduction of the ICA-CCA ratio of 0.4. If the ICA velocity remained 140 mm/s or greater on the second scan, then a decrease in velocity of 40 mm/s or greater was required accompanied by a reduction in the ICA-CCA ratio of at least 0.4. Regression could therefore only be identified if a stenosis was present at baseline.
The study was conducted under a strict research protocol designed to reduce measurement error. Two sonographers performed 95% (246/258) of all scans. Peak blood flow velocities and velocity ratios obtained by these sonographers were highly reproducible in participants who had duplicate scans on the same day. 4 When progression and regression definitions were applied to these duplicate scans, 3% of patients showed progression and 3% showed regression. These represent the error rates in our measurement of progression and regression.
Fasting blood samples were drawn at the time of the baseline carotid scan for determination of lipids and glucose. Standard laboratory methods were used to evaluate triglycerides, total cholesterol, high-density lipoprotein (HDL) cholesterol, HDL-2, HDL-3, apoproteins Al and A2, and apoprotein B. Low-density lipoprotein (LDL) cholesterol was estimated using the Friedwald equation.
12 Lipoprotein(a) (Lp[a]) was measured using a commercially available kit that employs an enzyme-linked immunosorbant assay.
A x 2 test was used to determine the significance of differences in proportions, with Fisher's exact test used where appropriate. Differences in means were determined by a t test for normally distributed variables and a Wilcoxon test for variables not normally distributed. Independent predictors of progression were determined by logistic regression. The Wilcoxon signed-rank test for paired data was used to determine differences in the plaque index between baseline and follow-up scans. Finally, multiple linear regression was used to determine the relation between treatment assignment and change in plaque index while controlling for baseline differences between active and placebo groups. A value of/"=.O5 was considered significant.
Results
Baseline risk factors were compared between the 129 individuals in this ancillary study and the full SHEP cohort. The only factor that was significantly different was smoking history. Individuals in the ancillary study were significantly less likely to have ever smoked com- Before analyzing results by treatment assignment, the active and placebo groups were compared with respect to baseline risk factors (Table 4 ). The two groups were similar, although the active treatment group had a significantly higher median Lp(a) value, a lower proportion of males, a higher mean HDL level, and were less likely to have ever smoked. The mean number of months between scans was 24.9 for the active treatment group and 25.0 for the placebo group.
In univariate analysis, 31% of those randomized to placebo progressed whereas only 14% of those randomized to active treatment progressed (P=.O2O, Table 5 ). All 8 patients who showed regression were randomized to active treatment. Among the group with a stenosis at baseline, 32% (8/25) of active treatment participants regressed versus 0% (0/24) of placebo participants (/>=.004, Fisher's exact test; Table 5 ).
Several other factors were found to be related to progression, the strongest of which was the degree of plaque observed on the baseline scan. Progression rates ranged from 3% among those with a plaque index less than 3 to 54% among those with a plaque index of 9 or greater (Figure) . Other baseline variables significantly related to progression were higher Lp(a), apoprotein B or triglycerides, and lower HDL, HDL-2, or HDL-3 (Table 6 ). Mean reduction in pretreatment blood pressure was less for those who progressed than those who did not (18 mm Hg versus 23 mm Hg), although this relation did not reach statistical significance.
Stepwise logistic regression was used to determine whether SHEP treatment assignment was independently associated with progression (Table 7 ). In this model, placebo treatment assignment was associated with 4.3 times greater odds of progression than an active •Regression could only be assessed in participants who had a stenosis (any location) at baseline. treatment assignment. Additional variables related to progression were greater extent of plaque at baseline, HDL-3 <30 mg/dL, Lp(a) >20 mg/dL, and younger age. Other variables that were significantly associated with progression in univariate analysis were no longer significant after controlling for the variables listed above. Years of smoking, HDL (in place of HDL-3), and diastolic blood pressure contributed little to the model and were therefore removed.
While the B-mode information was not the primary focus of this study, the plaque index was analyzed to determine if treatment assignment was also related to an increase in extent of plaque. For the group as a whole, the plaque index was significantly higher for the follow-up scans compared with baseline. The mean plaque index was 4.8 at baseline and 5.7 at follow-up (/><.001). The average change in plaque index was +0.89. The average change was higher for the placebo group ( + 1.23) compared with the active treatment group (+0.61). While this difference was not statistically significant in univariate analysis (P=.O9O), it was significant after adjusting for baseline differences between active and placebo groups (/>=.050).
Changes in the plaque index for those with and without stenosis progression were also compared. The average change in plaque index was +0.66 for those 3-5 6-8 9+ Plaque Index
Relation between degree of plaque at baseline and rates of carotid stenosis progression. The plaque index was calculated by scoring the number and size of plaques in the common carotid artery, carotid bulb, and internal carotid artery.
without a stenosis progression compared with +1.68 for those with a stenosis progression (P=.O27).
Discussion
This study provides strong evidence that the treatment of isolated systolic hypertension slows the rate of carotid stenosis progression. The primary analysis defined progression in terms of blood flow because we believe that this is the best index of atherosclerosis when dealing with a population that has a high prevalence of advanced disease. Doppler measures were highly reproducible and observed progression rates were much higher than those that would have been due to measurement error alone. The use of blood flow velocity ratios in the progression definition has the advantage of controlling for other factors that may affect blood flow velocity. Such factors would have affected the CCA as well as areas more distal in the carotid system.
There is much evidence to suggest that disease in the carotid arteries is a marker for generalized systemic ath- The progression definition used here thus encompassed all areas of the carotid system, not just the ICA.
Other studies of carotid disease have used a variety of techniques to measure progression. Some studies have categorized carotid disease by use of angiography 17 or Doppler spectral analysis, 18 while others have focused specifically on changing characteristics of plaques. 19 More recently, authors have concentrated on change in intima-media thickness over time. 20 -22 Intima-media thickness measures are not yet available for this study because these techniques were not well documented at the time data collection was initiated. However, analysis of B-mode data in the form of the plaque index suggests that progression of carotid stenosis was accompanied by a progression of atherosclerotic plaque.
It has been shown that treatment of systolic hypertension reduces the risk of stroke,1 23 -24 and this effect occurs within a year or two after blood pressure treatment. This rapid response to treatment may involve pathophysiological mechanisms over and above a delay in progression of individual plaques. In addition to lowering blood pressure, antihypertensive therapy may also cause changes in distal small vessel reactivity or changes in arterial wave propagation. Either or both of these may contribute to a reduction in cardiovascular events.
Previous studies have shown a direct relation between the degree of carotid stenosis and risk of both stroke and coronary heart disease. 14 We have previously shown that individuals with isolated systolic hypertension have a much higher prevalence of carotid stenosis than age-similar normotensive control subjects. 3 The treatment effect on carotid stenosis presented here may be a demonstration of what is ongoing in the intracranial and coronary vessels. This is likely to be at least part of the reason for the reduction in stroke and myocardial infarction risk among SHEP participants randomized to active blood pressure treatment.
One weakness of this study is that the duplex scans were not obtained earlier in the study, before treatment. Unfortunately, the SHEP trial ended before all participants had completed their follow-up scans. Observed treatment effects would probably have been stronger if the scans could have been performed earlier, and more conclusive data on regression might have been obtained.
In previous literature, the most consistent factor found to be related to progression has been higher degree of carotid disease at baseline, 17-20 -25 and this is consistent with the results reported here. Interestingly, older participants were less likely to progress than younger participants. This may have resulted from a selection bias related to the exclusion criteria for the SHEP trial. Older individuals were more likely to have advanced atherosclerosis and therefore be excluded. This may have caused the study population to have an under-representation of older individuals who would have been most likely to progress. Similar results published by Roederer et al 18 reported that patients under 65 years of age were most likely to show progression.
Other studies have shown relations between various lipid levels and carotid disease progression including higher total cholesterol, 21 triglycerides 19 and LDL, 20 and lower HDL. 19 This study demonstrated similar results, but in multivariate analysis a high Lp(a) and a low HDL-3 were found to be the most important lipids associated with progression.
In conclusion, this study provides strong evidence of a major treatment effect on carotid artery stenosis and progression of plaque among participants in SHEP. With treatment of isolated systolic hypertension, progression of stenosis is slowed and it is possible that regression occurs. Similar effects occurring in the coronary and intracranial vessels are likely to be part of the reason for the reduction in stroke and myocardial infarction risk among SHEP participants randomized to active blood pressure treatment.
